variants of PCEA (self-administration with or without infusion) during labour, to determine whether the use of a continuous background epidural infusion was beneficial.
MATERIALS AND METHODS
Fifty-two women at term with a singleton cephalic fetus, no major medical or obstetric complications and in established labour were enrolled in the study. Institutional Research and Ethics Committee approval and informed written consent were obtained.
A mid-lumbar epidural catheter was inserted by the attending anaesthetist and analgesia established with a 10 ml bolus of 0.125% bupivacaine (12.5 mg) containing fentanyl 5 mcg per ml (50 mcg) via the catheter. Allowance was made for an additional 4 ml bolus of 0.5% bupivacaine (20 mg) , where satisfactory pain relief was not reported by the woman after twenty minutes. Participants were then randomly assigned, according to a computer-derived random number sequence, to one of two groups to commence PCEA using a solution of 0.125% plain bupivacaine plus fentanyl 3 mcg per ml (62.5 mg of bupivacaine and 150 mcg of fentanyl diluted to 50 ml with normal saline). Group B received a 4 ml incremental bolus dose on demand and group BI a 4 ml continuous infusion in addition to a 4 ml incremental bolus on demand. Lockout interval was 1 5 minutes for both groups. Data were collected by a research midwife or the author, the participating woman being blind to the PCEA variant employed. Graseby PCAS pumps were used and provision made for staff-administered extra boluses ofbupivacaine 0.5% (4 ml) at the woman's request, should at any time she feel her pain relief unsatisfactory despite activation of the pump. However, if more than three such extra boluses were requested, the woman was withdrawn from the study.
Patient characteristics were noted and fetal heart rate monitored continuously by Doppler or fetal scalp electrode as appropriate clinically. Blood pressure was checked by the attending midwife five and fifteen minutes after self-administered boluses and five minutely for twenty minutes after staffadministered 'top-ups'. Hypotension was defined as a systolic blood pressure of less than 100 mmHg or a fall of 30% from baseline level. Women with an upper sensory block exceeding T6 (as assessed two hourly) were withdrawn from the study.
The quality of analgesia was assessed by 100 mm pain scales prior to and post-establishment of epidural analgesia and hourly thereafter during PCEA. The study was terminated at spontaneous vaginal delivery or when an obstetric decision was made to intervene and effect delivery (an appropriate 'top-up' being given by the attending anaesthetist if required). Within twenty-four hours of delivery each participant was asked to rate the overall quality of her pain relief using a four-point scale (excellent; good; fair; inadequate) both during the first stage and the expulsion (bearing-down) phase of labour, should the latter have been attempted. She was asked whether she had been highly satisfied, with no reservations; satisfied with reservations; or dissatisfied, with PCEA.
The degree of motor block was assessed using a modified Bromage scale (straight-leg raise with both lower limbs; hip and knee flexion only; knee flex ion only; foot movement only) after establishment of analgesia and hourly during PCEA thereafter. After two hours of PCEA, if so motivated, the woman's ability to bear weight was assessed. Side-effects (shivering, pruritus, hypotension) were noted, as were mode of delivery and neonatal Apgar scores. Details of PCEA included duration, demand rate, ratio of demands to 'good' demands, number of extra boluses from staff and drug dose utilisation rates (including extra boluses but excluding initial establishment doses).
Demographic data and some PCEA details were described using mean ± SD and pain scores and pain relief indices by median plus range. Numerical data (e.g. patient weight and age) were analysed by t-tests and noncontinuous variables (e.g. sideeffects and motor block assessments) by chisquared and Fisher's exact test. The Wi1coxon rank sum test was used to compare pain relief and the Kalmogarov-Smirnov two-sample test to compare ordinal data (e.g. patient ratings). A P value of less than 0.05 was considered statistically significant for all tests.
RESULTS
To avoid the confounding influence of the establishment dose and allow adequate assessment of the PCEA variants, women delivering within two hours of attaching the PCA pump were excluded from analysis. Two women were excluded for this reason, leaving 25 analysed data sets from each group. One woman from the continuous infusion group (BI) was included in analysis until the time of her withdrawal due to cephalad sensory block exceeding T6. Two women (one from each group) required additional bupivacaine to establish initial pain relief.
Demographic data
Characteristics of women in each group did not significantly differ, details being shown in Table 1 .
Analgesia and PCEA acceptability
All women achieved adequate analgesia within the study protocol. There was no significant difference between groups with respect to pain scores or pain relief indices during PCEA (see (n:50) (n:SO) (n~50) (n=43) (n=37) ("=27) (n=21) (n=11) (n=9)
F1Gl!RE I.-Percentage pain relief (post-epidural and one to .eIght .hou:rs after commencing PCEA) expressed as a pam relief mdex (100 -pain score divided by preepidural pain score X 100).
Values are median + range.
Group B= _ _ _ , Group B1 = ______ , P=NS Figure I for the latter), or with respect to ratings of a~algesia during labour (Tables 2 and 3 ). Ninetyeight per cent of women rated pain relief as good or excellent in the first stage oflabour and 77% in the expulsion phase of labour. Ninety per cent of participants said that they were hi~ly satisfied w~th PCEA without any reservatIOns. None was dissatisfied, the remaining 10% being satisfied but with some reservation. There was no difference between groups with respect to this acceptability of PCEA.
Side-effects and motor block
. D~tails are shown in Table 4 . Groups did not slgmficantly differ in the incidence of side-effects or the degree of motor block at each assessment. Profound m'?t<;>r block (grade 2/3) was reported by 34% of participants and was associated with an increased duration of PC EA. Of the 23 women who were interested in attempting to bear weight, 78% were able to do so .
Details of PCEA
The duration of PC EA; demand rate and ratio of 'g,?~d' .demands to total demands; drug dose utIhzatIon; and proportion of drug usage by patient administration, infusion or midwife administration are shown in Table 5 . Sixty per cent o~ women in gr<;>up Band 72% of those in group BI did not reqUITe any staff-administered extra boluses (P= 0.55). Only 18% of women required more than one extra supplementary bolus.
DISCUSSION
Under the conditions of this study (including the use of a low dose bupivacaine-fentanyl solution supplemented by 0.5% plain bupivacaine if requested), no benefit was demonstrated from the addition of a continuous infusion to the selfadministration of small boluses of epidural solution. The quality of analgesia and participant satisfaction were not improved; nor were sideeffects or .midwifery workload reduced, but drug dose reqUirements of fentanyl were increased.
Analgesia and acceptability
Both variants of PCEA used in this study (bolus- only or bolus plus infusion) confirmed the results of previous clinical trials in providing effective obstetric analgesia, as assessed by pain reduction and participant ratings of pain relief. Although all initial investigations of PCEA in labour used a bolus plus infusion technique,I.3.5.6 this study supports the findings of a recent study in which bolus-only PCEA was also highly effective. 4 In this study pain scores with both variants were reduced 60 to 90% throughout labour and global ratings of pain relief in both stages of labour compared favourably with those reported for traditional dense neural block, 7 continuous infusions 8 ,9 and other PCEA studies using similar solution. 3 ,6 Furthermore, most women in both groups required no extra supplementation and very few more than one extra bolus of stronger bupivacaine solution. Pain relief with bolus only PCEA was as good as that obtained with bolus plus infusion PCEA. This also appeared true when comparing the results of the bolus only group with those obtained in bolus plus infusion groups in a previous trial using similar solution and methodology. 6 PCEA during labour allows the parturient to resume control and responsibility for her pain relief, and in addition to significant psychological benefits and placebo effect,I,IO guarantees immediate access to more epidural solution. All studies have reported that PCEA is well-received and almost all women participating in this study were highly satisfied, none expressing dissatisfaction. Reservations were expressed by five women, four due to disenchantment with the degree of pain relief obtained, The influence of choice of epidural solution, variable size, lockout interval and supplementation on analgesic efficacy warrants further investigation. I I One woman complained of annoyance secondary to repeated PCA pump occlusion alarming during drug delivery. This was the only problem directly related to PCEA and highlights the need for a pump purpose-designed for the epidural, as well as the intravenous, route of administration. That PCEA during labour may not be suitable for all women I was illustrated in this study by one primiparous participant who, despite reinstruction regarding appropriate pump use, made eighty-three demands over one hour of precipitate labour prior to delivery,
Side-effects and safety
There was no significant difference between groups with respect to the incidence of hypotensive episodes. These were noted in only 12% of women, a degree of haemodynamic stability comparable to continuous infusion techniques 8 and also reported in previous PCEA studies,4.6 Although confirmation by larger series is required, and the effect of bolus dose size and epidural solution needs investigation, these results suggest PCEA may be an appropriate alternative in high-risk cases where avoidance of hypotension is paramount.
No significant difference between groups was found for the incidence of pruritus or shivering. Profound motor block was encountered more frequently as duration of PCEA increased and occurred earlier in the bolus plus infusion group. Nevertheless, as previously reported,6 the majority of women in both groups retained good mobility and many were able to bear weight. Although the only other evaluation of a bolus only variant reported no significant motor block,4 that study differed in that bupivacaine requirements were lower, the study was terminated at the end of first stage labour, and no formal assessment of motor block was reported, One woman from the bolus plus infusion group was withdrawn due to high sensory block, As has been recommended for other methods of epidural management during labour, it may be prudent to monitor the upper sensory level of block during PCEA.12 A review of studies of PCEA in labour published to date suggests that excessive cephalad extension of block may be more likely to occur with a bolus plus infusion technique, although more extensive clinical investigation would be required to confirm this impression, A low hourly limit ofbupivacaine minimizes the risk of systemic local anaesthetic toxicity and this study confirmed that the use of a 0.125% bupivacaine solution for PCEA results in low bupivacaine utilization,I·6 Methodological differences probably account for the higher rate of usage compared to the bolus only group of Gambling et al. Several studies have shown that PCEA is associated with a significant dose-sparing effect compared with continuous infusion and intermittent top-up techniques. I ,4,13,14 It has been pointed out that in the event of intravascular migration of the epidural catheter, dose rates and demand boluses in the range noted in this study are extremely unlikely to produce toxicity,6,15 and gradual dissipation of block may act as a warning sign. 2 Similarly the inadvertent subarachnoid injection of a self-administered dose of bupivacaine 5 mg may act as test dose and should not result in dangerous extensive spinal anaesthesia. 4 Although a significantly greater rate of fentanyl usage was found in the bolus plus infusion group, this is probably of little clinical significance, since rates of 20 to 40 mcg per hour appear to produce no adverse clinical effect on the fetus or healthy mature neonate. 8 ,16-18
Details of PCEA
Both PCEA and continuous epidural infusion techniques reduce staff workload with respect to additional supplementary top-ups, and it has been reported that PCEA can reduce manpower requirements compared to continuous infusion. 3 ,5 In this study only 34% of participants required a supplementary bolus and no woman more than three such boluses. This compares favourably with studies of bupivacaine infusions 8 ,19,2o and with other PCEA studies. 3 ,6 Again the influence of epidural solution and variable size on requirement for supplementation warrants investigation.
Despite similar methodology to the author's previous study,6 the demand rate was, unexpectedly, significantly greater in both groups in this study. A lockout interval of 15 minutes was employed and almost all women at times made a demand within this period. The ideal epidural solution for PCEA would have a very rapid onset of effect. Of various 0.125% bupivacaine solutions tested, that containing fentanyl I mcg per ml was recommended in the only study to date which has addressed the issue of the most appropriate solutions for PCEA. 2 The influence of lockout interval on aspects of PCEA during labour, including efficacy, supplementation and safety as well as demand rate and ratio of demands to increments received, has only just begun to be investigated. II The rates of caesarean section and instrumental delivery did not significantly differ between groups and were consistent with the overall figures for this hospital, a tertiary referral centre. Many women enrolled in this study had one or more obstetric risk factors indicating a greater risk of assisted delivery, which may account for the low spontaneous delivery rate in both groups. In a study of this size and type it is impossible to draw conclusions regarding the influence of epidural management on delivery outcome. CONCLUSION This study provided further evidence that PCEA is a highly effective method of epidural management which is well-accepted by labouring women. Further larger prospective studies using other epidural solutions and PCA variable size are awaited for confirmation that a bolus only variant is the most suitable method of patient-controlled epidural analgesia during labour.
